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Abstract 
T h i s  r e p o r t  d e s c r i b e s  ( a )  t h e  s t a t u s  of t h e  cumputer program being 
developed t o  s t i m u l a t e  the impact of a r i g h t  c i r c u l a r  c y l i n d e r  on a 
smooth w a t e r  s u r f a c e  and (b) t h e  experimental  equipment and methods. 
APOLLO WATER IMPACT 
Experimental  Work 
T h i s  p r o j e c t  was designed t o  determine exper imenta l ly  t h e  f l u i d  
It is  planned t o  de t e r -  r e a c t i o n s  due t o  t h e  impact o f a r i g i d  body. 
mine t h e  t i m e  h i s t o r y  of t h e  v e l o c i t y  d i s t r i b u t i o n  i n  t h e  f l u i d  and 
t h e  p r e s s u r e  d i s t r i b u t i o n  on t h e  impacting body and i n  t h e  f l u i d  by 
t h e  use of h igh  speed photography. 
I n  developing t h e  experimental  technique,  t h e  a i m  is  t o  u t i l i z e  
a two-dimensional v e r t i c l e  l a t t i ce  of submerged s o l i d  o r  i n s o l u a b l e  
l i q u i d  p a r t i c l e s  w i th  t h e  same s p e c i f i c  g r a v i t y  as t h e  f l u i d  i n  which 
they  were submerged. The p a r t i c l e s  would remain mot ionless  i n  t h e  
water u n t i l  a c t e d  on by t h e  p re s su re  wave from t h e  impacting body. 
Then h i g h  speed photogrpphy would record t h e  movemerit of t h e  p a r t i c l e s  
du r ing  impact. On t h e  photographic record ,  s t r eaml ines  w i l l  b e  
traced by t h e  p a r t i c l e s .  
v e l o c i t i e s  and a c c e l e r a t i o n s  of t h e  par t ic les  may b e  determined, and 
thus ,  p r e s s u r e  g r a d i e n t s  may b e  found. 
p r e s s u r e  o u t s i d e  the  in f luence  of the  impacted r eg ion ,  t h e  p r e s s u r e  d i s -  
t r i b u t i o n  w i t h i n  
By t h e  use  of f i n i t e  d i f f e r e n c e  techniques ,  
By i n t e g r a t i o n  from a known 
t h e  r eg ion  may be  found. 
The work, a t  p r e s e n t ,  i s  p r imar i ly  concerned wi th  r e f i n i n g  t h e  ex- 
per imen ta l  t echnique ,  f i nd ing  t h e  b e s t  materials, and showing t h e  method 
is  workable.  
t h e  r e s u l t s  are being used t o  b e t t e r  develop t h e  experimental  t e s t i n g .  
The major  problem t o  b e  encountered i s  a c c u r a t e l y  measuring t h e  d i s t a n c e  
p a r t i c l e s  move between frames. The o v e r a l l  r e s u l t s  of t h e  p r o j e c t  a r e  
h i g h l y  p o s i t i v e .  
I n i t i a l  tests have been conducted, t h e  d a t a  analyzed,  and 
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A l i t e r a t u r e  survey h a s  been conducted which gathered r e p o r t s  on 
both t h e o r e t i c a l  and experimental  methods of s o l u t i o n  of t h e  impact prob- 
l e m .  Its main purpose w a s  t o  f i n d  what experimental  methods have been 
used t o  s o l v e  f low problems and t o  ga the r  t h e o r e t i c a l  s o l u t i o n s  wi th  
which t o  compare t h e  r e s u l t s  of experimental  t e s t i n g .  
A f o u r  f o o t  by fou r  f o o t ,  314 inch p l e x i g l a s s  tank wi th  a depth  
of t h r e e  and a ha l f  f e e t  has been b u i l t  f o r  u se  i n  t h i s  p r o j e c t .  
Water w a s  chosen as t h e  f l u i d  t o  impact i n t o  a f t e r  some i n i t i a l  
i n v e s t i g a t i o n s  of o the r  l i q u i d s  o r  a l t e r i n g  t h e  dens i ty  of water 
by adding a l coho l ;  however, t h e  two do not m i x  w e l l .  S a l t ,  i n  
s u f f i c i e n t  q u a n t i t i e s ,  w i l l  raise t h e  d e n s i t y  of t h e  water bu t  a l s o  
makes it  murky. 
In  choosing t h e  p a r t i c l e s  t o  use i n  the  water, i t  was requi red  
that  they  have approximately t h e  same s p e c i f i c  g r a v i t y  as water, be  
l a r g e  enough t o  be photographed b u t  s m a l l  enoukh t o  behave as a water 
p a r t i c l e ,  and be of d i f f e r e n t  c o l o r s  so as t o  be  d i s t ingu i shed  from one 
another .  In so luab le  l i q u i d  p a r t i c l e s  broke  under t h e  a c t i o n  of t h e  
p r e s s u r e  wave and coated the tank. Attempts a t  using bubbles r e l e a s e d  
from the bottom of t h e  t ank  d i d  no t  produce good r e s u l t s .  A p las t i c  
p a r t i c l e  w a s  deemed b e s t ,  and .385 inch po lys ty rene  beads were used i n  
t h e  i n i t i a l  t e s t i n g .  Fu tu re  t e s t i n g  will involve  u s e  of .375 i nch  and 
.25 i n c h  high d e n s i t y  polye thylene  b a l l s  ( s p e c i f i c  g r a v i t y :  . 9 5 ) .  
Models thus  f a r  cons t ruc t ed  are a seven  inch p l a s t i c  sphere  and 
a n  e l even  inch  m e t a l  c y l i n d e r ,  two feet long. The major i ty  of t h e  t e s t i n g  
t o  come w i l l  involve  t h e  c y l i n d e r  impacting on i t s  s i d e ,  s i n c e  t h e  in-  
terest is  i n  s imula t ing  t h e  Apollo capsu le .  
. A computer program has  been written and checked ou t  t o  eva lua te  da- 
ta from drop experiments.  A t h r e e  p o i n t  f i n i t e  d i f f e r e n c e  technique i s  
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used t o  e v a l u a t e  v e l o c i i t e s ,  a c c e l e r a t i o x ,  and p res su re  g r a d i e n t s  of 
t h e  p a r t i c l e s  i n  t h e  water a t  each time frame. 
a Vanguard F i l m  Analyzer owned by t h e  Texas Transpor ta t ion  I n s t i t u t e .  
Data i s  analyzed us ing  
I n i t i a l  t e s t i n g  cons i s t ed  of impacting t h e  seven inch  d iameter  
sphere  i n t o  water wi th  two hundred .385 inch  po lys t r ene  beads a t  ap- 
proximately 20 f p s .  
M i l l i c a n  camera a t  f o u r  hundred frames p e r  second. 
were: 




Smaller p a r t i c l e s  are needed i n  a more dense a r r a y  i n  t h e  
(2)  A two-dimensional f low p a t t e r n  must be produced. Data from 
t h e  computer program was inconclus ive  because t h e  sphe re  produced a 
three-dimensional f low p a t t e r n .  The c y l i n d e r  w i l l  g i v e  t h e  d e s i r e d  
p a t t e r n .  
(3) Higher camera speeds are needed. The i n t e r e s t  i s  i n  t h e  t i m e  
r eg ion  from t h e  moment of impact,  t = 0,  t o  t = .10 seconds,  w i t h  t h e  f i r s t  
.02 seconds t h e  most v i t a l .  
approaching 1000 f p s .  
This would i n d i c a t e  r equ i r ed  camera speeds 
( 4 )  The most p re s s ing  problem, as s t a t e d  p rev ious ly ,  i s  measuring 
t h e  d i s t a n c e  t r a v e l e d  by t h e  par t ic les  between frames. 
moving 30 f p s  w i l l  move about two and a h a l f  cen t ime te r s  between frames 
a t  400 frames per  second. 
A p a r t i c l e  
The Vanguard Film Analyzer does n o t  appear  t o  have t h e  accuracy r equ i r ed  t o  
measure t h e  above mentioned displacements.  
are necessary.  
Other means of measurement 
Fu tu re  work on t h i s  p r o j e c t  c o n s i s t s  of another  series of drop 
tes t s  as soon as t h e  p a r t i c l e  dispensing system and drop system can 
be improved. A s ea rch  is  s t i l l  being c a r r i e d  on f o r a  b e t t e r  p a r t i c l e  
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t o  use.  
Styrofoam g ranu les  t o  determine f low p r o p e r t i e s  and p l a s t i c  p a r t i c l e s  
t o  determine p r e s s u r e  d i s t r i b u t i o n .  As soon as  t h e  experimental  
t echnique  has  been shown t o  y i e l d  good r e s u l t s ,  t h e  method may b e  
app l i ed  t o  o t h e r  impacting bodies .  
Some p o s s i b i l i t i e s  are t o  u s e  a "mush" of po lys tyrene  o r  
T h e o r e t i c a l  Work 
R e s u l t s  d i scussed  i n  t h e  previous p rogres s  r e p o r t  da ted  October 
1969 d i d  n o t  a l low f o r  t h e  d i s c o n t i n u i t y  i n  v e l o c i t y  which exist on 
impact a t  t h e  body-water i n t e r f a c e  and t h e  e f f e c t  of t h e  a i r  t rapped  
between t h e  body and t h e  water. 
t o  a l low f o r  bo th  t h e s e  f a c t o r s . w h i c h  are interdependant .  A s  t h e  body 
approaches t h e  w a t e r  s u r f a c e  t h e  a i r  ahead of it i s  compressed and t h e  
p r e s s u r e  b u i l d s  up. This  i n  t u r n  s t a r t s  t o  d e f l e c t  t h e  w a t e r  s u r f a c e  
and pushes t h e  w a t e r  down. 
and t h e  water dec reases  u n t i l  t h e  r e l a t i v e  v e l o c i t y  becomes ze ro  and 
thus  t h e  d i s c o n t i n u i t y  no longer  e x i s t s  and con tac t  i s  assumed. The 
p r e s s u r e s  b e f o r e  impact become v e r y  high and compress ib i l i t y  of t h e  
air  must b e  included.  
The computer program i s  being modified 
Hence t h e  r e l a t i v e  v e l o c i t y  between the body 
Program development cont inues .  
